The aberration-corrected scanning transmission electron microscope provides a new level of sensitivity for analyzing semiconductor device structures. Its sub-Ångstrom probe provides not only improved resolution [1] , but equally important, greatly increased sensitivity to individual atoms [2, 3] . Single Hf atoms are visible within the nanometer thick SiO 2 interlayer between a HfO 2 high-K dielectric and the Si substrate [4] . Furthermore, the depth of field of the aberration-corrected STEM is just a few nanometers, and Hf atoms can be located in depth to better than 1 nm precision from a through focal series of images (see Fig. 1 ). Just as with confocal optical microscopy, the series of images can be used to reconstruct the 3D distribution of atoms as shown in Fig. 2 . In addition the interface roughness is visible.
Strikingly, no Hf atoms are seen to be in contact with the Si substrate, and they exhibit preferred distances from the interface. First principles density functional calculations reveal the origin of this behavior is the increasing order and reduced ring size in the SiO 2 layer as the interface is approached, which makes it energetically unfavorable for Hf to approach the interface [5] . Nevertheless, localized states are created within the Si band gap. These states may mediate leakage and affect channel mobilities. Calculations of scattering rates are consistent with measured mobility values [6] . In future, it should be possible to detect these states with electron energy loss spectroscopy, which also has sensitivity to single atoms [7] . Such a combination of atomic-scale 3D structural and electronic characterization with first principles calculations offers the potential to unravel the true microscopic origins of macroscopic device properties. 
